
The depth o the chamber can now be selected based upon 

usualconsderatons 
of soil condton and land cost, etc athough as will beseen later 

shallower depths than usual are preferable. The remainng problemis to ensure 

that the required slope is obtained. The required slope iscalculated 

from 
Equaton 1. The slope in open channe flow can be calculatedby Mannings 

equation:r 
n Slope 

(Velocity 

2)where "n" 1 a factor relating to the 

obstruction to flow of obstacles atwalls and wthin the channel. This 
factor 

s historically called a "roughnessfactor" and the numerical vale found in 

hydraulcs handbooks is 0.011 forsteel or neat concrete and 0.03 for the 

situation 
where corrugated metal the wall of a channel whose width is several 

hundred 
times the corrugationheight. For our purpose this could be considered 

a turbulence promotionfactor. Work is in progress to determine the 

effective 
turbulenc promotioneffect of corrugated baffles in narrow passages 

where we believe it to be atleast twce the 0.03 value gven above. The effect 

for other configuratonsis being studied as well. The term "roughness factor" 

will be used until a moreappropriate term is coinedThe hydraulic radius "R" 

is 

the ratio of the 
cross-sectional 

area ofthe passage in ft to the wetted perimeter in 
feet.Since 

the velocty has been fixed and the required slope 

calculatedonly the roughness factor relating to te type of wall 

and/or 
baffle surfaceand the hydraulic radius relatng to the wall area parallel 

to the flow path163 



can be governed by the 
designer.The 

combined effect of these two variables is calculated 

romEquation 

2.For 

illustration in Figure 3, corrugated baffles parallel to the path 

areshown. 
In this simplified sketch, the significant dimensions are 

shown.The 

passage width is fixed by the selected velocity and channel depth. 

Thenumber 

of the parallel baffles inserted determines the hydraulic radius. 

Theroughness 
factor is determned primarily by the surface of the baffle 

materialselected.In 

spite of the undeveloped state of this design scheme we were ableto 

produce a chamber within 6% (9/400) of the design target (10,000 oh ourfirst 

attempt. Also, additional baffles can be easily inserted at a later dateif 

required.This 

design scheme yields considerable insight to the evaluation ofthe 

performance of existing and future contact chambers. The 
disnfectionperformance 

has been shown to be a function of the parameter. 
Inconventional 

chambers the outlet weir is located near the design rate waterlevel so 

that the water volume is nearly constant at all flow rates As can beseen b 

Equations 
1 and 2, the varies as the (velocity) . With constantliquid level 

the varies as (I/velocity) thus the GT parameter will varyas the (velocity 

or with (flow rate This poorer performance at reducedflow rate would escape 

attention under relatively constant rate conditions ina sewage plant. However, 

under the widely variable rate conditions met in164 
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combned sewer overflw service, it must be considered. The use of a weir 
has 

been proposed to maintain a constant velocity at all flow ratesA 92 
(60 

Intensity Mixed Chlorine Contact Chamber has beendesigned. This 

chamber was designed to follow facility with46 cfs treatment capacity and 

an additional 46 cfs bypass capacty. Thechlorne contact chamber was 

designed 
to have 120 seconds residence tme atthe 92 cfs rate and, since a 

Sutro 

weir s used the residence time at less thanthe 92 cfs rate will be about 20 

seconds also. The velocity s 1.5 ft/sec and theamount of bafflng and its 
configuration 

is such to yield velocity gradent of 40 as in our pilot plant.The 
chamber 

40 by 40 and has an 
average 

liquid depth of 7 atmaximum flow. Internal walls form 

labyrinthne-like 
passage o 8 in widthand produce a velocity of 1.5 The internal 

walls 
are aced with acommercially available corrugated asbestos siding 

having 

1-1/2" deepcorrugationsTwo additional corrugated panes are mounted 

as parallel 

baffles in thechannels forming 32 inch wide passages. The baffles 
extend 

from liquid levelto wthin foot of the floor* Ideally the floor would be 

corrugatedbut this is not necessary. The head loss through the chamber at peak 

flowis about 8 inches. (See Figure 3)The inlet to the chamber is equipped 

with a 3 mixer sweeping an8 8 

secton of the channel (about 5 sec residence tme) A mixer of 

thishorsepower 
should be able to impart 1 hydraulic horsepower to the water to166 



a mixng ntensty of about 200 se n this 450 ft volume whichshould be 
adequate 

for thoroughly mixing the chlorine chemicals. Such aprovision for 

mxing of chemicals s incomparably superior to the methodsusually usd in 

sewage 
plants. The mixr should be of such type that itcan operate at 

varying 

water levels from down to I.The outlet of the 
chamber 

should be ftted with a relatively narrowoutlet weir placed as 

low as the available outfall head wll allow, preferablyat th bottom. Further, 

the outlet weir should be of the type to maintainthe velocity in the chamber, 

at less than peak rate, as near the peak ratevelocity as possible, A Sutro 

weir at the bottom will maintain peak ratevelocity at all flow-thru 
rates. 

In the event the allowable outfall head willnot permit pacing the weir at 

the bottom, a small pump must be provided tompty the chamber at the end of 

the storm.The installed cost of such a 

chamber 
has been caculated to be about$53,000 (in 1969 dollars) less 

the 
cost of land, engineering and profit (1). Itis difficult to compare costs 

developed 
by different estmators. However, thiscost can be compared to the data 

developed by Smit (15) of $25,000 for an$11 000 f basin which is the 
volume 

of the basin described above. Also,it can be compared to Smith's estimate 

of $90,000 for the 8000 ft3 chamberrequired to provide 15 minutes residence 

for 60 in a conventonal chamber.The inherent advantage of increased 
turbulence 

economically induced inthis type of installation to enhance reaction 

rates can be used in many stuations,An obvious example would be to use it in 
chlorine 

contact chambers at swageplnts with savings in construction cost, land, 

and the advantage of highvirus kll and rliable bacteria kill.167 
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A report by the American Public Works Association publishedin 

1970 gave the results of a sudy of combined sewer overflow 
regulatorfacilities. 

Design performance and operation and maintenance experiencesfrom 

the United States and Canada, and in seleced foreign countrieswere 

reported. It was evident tha North American practice 
hasemphasized 

the design of regulators simply as flow splitters, dividingthe 

quantity of combined ewage to be directed to the treatent and 
the 

overflow to receivig waters. Little considerationwas given to improving 

the quality of the overflow Using hydraulic laboratory tests 

and mathematical modelingstrongly we have determined that 

it is possible to remove significantportions of and floatable 
solids 

from combined sewage overflowsby using a swirl concentrator. The practical, 

simple structure hasthe advantages of low capital cost; absence 

of primary mechanical partsshould reduce maintenance problems; and 

construction largely with inertaterial should minimize corrosion. Operation 

of the facility isautomatically induced by the inflowing 
cobined 

sewage so that operatingproblems normal to dynaic regulaors such as 

clogging will be veryinfrequent.The device, as developed, consists 

of a circular 

channel inwhich rotary moton of the sewage is induced by 

the kinetic energy ofthe sewage entering the chamber. Flow to the 

treatment.plant is deflectedand discharges through an orifice called the 
foul 

sewer outlet located.at the bottom and near the cnter of the chamber. 

Excess flow in stormperiods discharges over a circuar weir around the 

center of the tankand is conveyed to storage treatment devices as 

required 
or to receivingwaters. The concept is Chat he roary motion causes 

the sewage tofollow along spiral path through the circular 
chamber.172 



A free surface vortex was elminated by uing a flow 
deflector,preventing 

flow completing ts first revolution in the chamber 
frommerging 

with inlet low. Some rotational movement remains, but inthe 

form of gentle swirl, so that water entering the chamber from theinlet 

pipe is slowed down and diffused with very little turbulence. 
Theparticles 

entering the basin spread over the full cross section of thechannel 

and settle rapidly. Solid are entrained along the bottom,around 

the chamber, and are concentrated at the foul sewer outlet.Figure 

1, Isometric View of Swirl Concentrator, depicts thefinal 

hydraulic model layout showing details such as the trap, foul outlet 

and floor gutters.The swirl 
oncentrator 

may have practical applications as or grit removal 

device for sanitary sewage flows or separatestorm water discharges of 

urban waters. It may have capabilitiesfor the clarification of sanitary 

sewage in treatment plants, in theform of primary settling or, 
possibly, 

final settling chambers. Itmght be used for concentrating, 

thickening, or elutriating sewagesludges. It may be serviceable in 

the sepaation, concentration andrecycling of certain industrial 
waste 

waters, such as pulp and paperwastes or food processing wastes, 

with reuse of concentrated solids and of clarified overflow waters in 

industrial processingclosed circuit systems.In water purification 
pratices, 

it may find 

feasibleapplications in chemical mixing, coagulation and 

clarification ofraw water. Other uses may prove to be realistic 
and 

workable.Complete reports describing the hydraulic 
laboratory 

studyand the mathematical modeling are included in the 

report 2-72-008September 1972. publshed by The body of the report 

deails 
thebasis of the assumptions used to establish the character and 

amount offlow to be treated and the desgn of a swirl concentrator based 

uponthe hydraulc and athematical studies.Although the sudy was 
performed 

for the City of Lancaster,Pennsylvania, 

with specific point of application deined, all 
workwas 

accomplished in manner which allows ready translation173 





application o the results to conditions which ight be found at 
otherinstallations 

and for other 
purposes.Consideraton 

of the ue of swirl concentrator as combinedsewer 

overflow regulator facility requires an evaluation of many factorswhich 

include:1. 

hydraulic head differential beteen the collectorand 

Interceptor sewers nd head available in collectorsewer 
to 

allow storage;2. hydraulic 

capacity of collector sewer;3. design flow;4. 
dry-weather 

flow and capacity of interceptor sewer; and5. amount and 

character of solids.Although many of thee 
items 

have bee etioned in thepreceding sections of the 
report, 

the importance of each will behighlighted in order to 
emphasize 

the iportance of each point in apreliminary evaluation of the 

use of the swirl concentrator.Hydraulic Head Differential. 

There mus be suficienthydraulic head available to allow 

dry-weather flows to pass through thefaciliy and remain in the 
channel. 

The total head required foroperation is shown in Figure 2, 

Hydraulic Head Requirements. Determinationof the maximum elevation in the 

collector sewer that can be utilized forinsystem storage and the 
differential 

elevation between the collectorand interceptor sewers is the 
total 

available head.The head required will vary 
directly 

with flow and the outletlosses in the foul sewer.If 
sufficient 

head is not available 

to operate the foul sewerdischarge by gravity, an economic 

evaluation would be necessary todetermine the value of either 
pumping 

the foul sewer outflow continuouslyor pumping the foul flow during 
storm 

conditions and bypassing the swirlconcentrator during dry-weather 

condition, perhaps with a regulator.175 
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REQUIREMENTShydraulichead 

requiredHydraulic 
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Collector 

Sewer System. The faclitymust be desiged to handle 

the total flow which might be delivered bythe collector system. Thus a 

study of the drainage area must be adeto deterine the imiting grade 

and pipe sizes which control the quantityof flow. Solids removal from a 

peak may not be required.If the chaber is not designed for such 

maximum flows, however, velocityenergies which could be developed at such 

full flo conditions be avoided by providing bypass in the form of 

a side overflow weir.Design Flow. Selection of the design low for 
sizing 

thechamber should be accomplished on the basis of a 

complete study to deermine frequency and amount of precipitation which 

can beanticipaed as well as Computer models such asdeveloped by 
the 

university of Florida for can be of assistancein determining he 

solids load which may be associated with various amountsand intenity 

of precipitation. Provision of maximum solids removal ora two-year frequency 

storm for the Lancaster, Pennsylvania project wasmade on the basis 
of 

engineeing judgment and an evaluation o localreceiving water conditions. 

As the cost of construction will increasein direct proportin to 

design flow, an economical evaluation shouldgenerally be used to 
select 

the flow capacity. The efficiency curve176 



or the facilty is rather flat over a wide range of flows, resultingi 

pehaps large increae in ot for margial improvement inefficiency.A 

major 

constraint in selecting large design £lows is theanticipated 

shoaling problem of solids at lw flow rates n largefacilities. 
Self 

cleaning is enhanced by reduced diameters. Thisconsideration 

may mae it desirable to design for lower flows,particularly 
where 

some form of overflow treatment is to be provided.Again the computer 
model can be used to determine the magnitude ofthe soids 

carry-over 
problem to the seconary device.A third consideration 

is the maintenance of low-inflowvelocities, with 

turbulence minimized. At the design flow the inflowvelocity should be 

in the range of three to five The inflowvelocity may require 

reduction by enlarged pipe sections or othermeans to achieve this 

rate.Dry Weather Flow 
adCapaty 

of Interceptor Sewer. Sizingof the foul sewer, he foul 

outlet and the gutter depend upo adetermination of the 
dry-weather 

low in addition, the capacity of theinterceptor sewer Co handle 
the 

foul flow must be known. The foul sewermust be large enough to 
maintain 

and not be subject to blockageusually a minimum 12-inch owever, 

the head on the outletduring overflow conditions will allow 
considerale 

variations in thefoul discharge f it is not controlled.The 

efficiency of the chamber is affected 
by 

the ratio offoul flow to overflow——although there 
appears 

to be broad operatingrange over which reasonable removal 
efficiencies 

can be maintained.Maximum advanage should be taken of capacity 

in the interceptorsystem, particularly during the period when 

the chamber is being drawndown. Thus, sensing of the flow in the 
inerceptor 

and the use of acontrol gate on the foul sewer appear desirable 

to obain maximum resultsfrom the use of the chamber.177 



Amount of Character o Settleable Solids The sever systemust 

provide capacty to handle the increase in solids whichwill be 
captured 

rom the combined ewer overflow and discharged tothe treament 
plant. 

In the case of Lancaser, Pennsylvania, thiscould amount to 
more 

than a Con of solids rom one device in a veryshort period of 
time. 

Addiional grit removal and sludge processingequipment may be 

necessary. Should he oul flow be pumped, sumps andpumps should be 
designed 

to handle the antiipated hih solids content.If the settleable solds 

which can be anticipated in thecombined sewer overflow 

can 
be defined by he amount, specific gravity,and particle size, the 

mathematical and the hydraulic model may beused to determine the size 

of the chamber required to achieve desiredlevels of solids removal. 

Ordinarily this will not be feasible andthe flow criteria developed 

by the hydraulic model will be used todesign the facility and 

predict removal efficiencies.In order to evaluate the 

efficiency of the chamber facilitiesshould be provided for 
sampling 

the inflow, foul sewer flow and overflow.Settleable solids should be 

delineated in all of these flows. Thequantity of inflow and foul 

sewer flow should also be measured.Difficulties in obtaining 

representative saples from any of the flowsmay make evaluation difficult. 

However, the treatment plant orcombined sewer overflow 
treatment 

facility if used, should provide anexcellent means f making a 
gros 

evaluation into the effectivenessof the chamber.Provision of a 

means to meaure 

the depth of flow over theweir should act to give a reliable 

measurement of the flow when addedto the quantity of flow to the 
foul 

sewer.Data from many full-scale 
operations, 

operating with variousflow conditions and solid loadings 

wll be necessary to properlyevaluate the usefulness of the 

concentrator as a cobined seweroverflow regulator.178 



Cost of Facilit, The cost of construcion of the 
swirlconcentrator 

will vary with the length of inlet pipe which must 

bereconstructed, 
the depth of he chamber and the nature of the materialto 

be excavated, the need for a roof, and the general site conditionsunder 

which the work will be conducted. The materials of constructionwill 

usually be concrete and steel and elaborate form work will notbe 

requiredFor 

the Lancaster, ennsylvana, application where a36 foo 

diameter chamber in lmestone is contemplated, the preliminaryestimate 

of cost was $100000 in 1972 costs. This cost estimate includeda roof 
foul 

sewer outlet control and a wash-down system. Siteconstruction 

problem are iimied in as much as the construction willbe off of the 

street right-of-way.179 
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1. IRDUCTIONA. 

COMBINED AND STORM SEWER OVERFLSAn 

enormous 
pollution load is placed on scream and 

otherreceiving 

waters by ombined and separat storm sewer overflows.It has 

been 
estimated that the total pounds of pollutants (BODand 

suspended 
solids) contributed yearly to receiving waters bysuch 

overflows 
is of the same order of magnitude as that releasedby all 

secondary sewage treatment facilities and 1964; Field and 1972). 

The 
Environmental ProtectionAgency has recognized ths problem 

and led and coordinatedfort to develop and demonstrate pollution 

abatement procedures(Field and 1972). These procedures include 

not onlymproved treatmen and storage faciities, but also 

possibilitiesfor 
upstream abatement alternatives such as rooftops and 

parkinglot retention Increased infiltration, iproved street 

sweepingretention 
basins and cleaning or removal. The com¬plexities 

and costs of proposed abatement procedure require thatcare 

and 
effort be expended by municipalities and others charged 

decision 

maing for the solution of these problems, STORM WATER 
MANAGEMENT 

MODELIt was recognized that an invaluable tool to 

decision 
aerswould be a comprehensive 

mathematical computer simulation programthat would 
accurately 

model quantity (flow) and qualty (concen¬trations) during the 

total urban process This model182 



would not only provide an accurate representation of the 
physicalsystem, 

but also provide an opportunity to determine the effect 

ofproposed pollution abatement procedures. Alternative cold thenbe 

tested on the model and east cost solutions could be developed.As 

a reult, the University of Florida and Eddy,Inc., Engineers 

(ME) and Water Resources Engineers wereaarded a joint 
contract 

for the development, deonstration andverifiation of the 
Storm 

ater Management Model The re¬sulting model, completed in 
Ocober, 

1970, has been documented 1971a and is presently being 

used by a varietyof consulting firs and universities.The 
present 

is descriptive in nature and wil 

model mosturban configurations encompassing rainfall, 

drainagetoragetreatment, 
and receiving waters. The major components 

ofthe are illustrated in Figure 1-1. However it does notdeine 

nor determine any decisions for the system or consider 

alternative 
methods for efficient economic comparisons.C. DECISION 

MAKINGIn 

recognition of the need for improved decision 

makingcapabilities, 

the University of Florida submitted a proposal to 
EPAttled 

"A Decsion Makng Model for the Management of Storm 
WaterPollution 

Control" in which it wa intended to provide a sys¬tematic 

procedure 
which could be applied to a wide variety ofspecific 

circumstances n support of intelligent management decisions.The 

work required to obain a least cost solution would be considerably183 
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reduced by means of determining the origin of the most 

severepollution 
load, consideration of all upstream and downstream 

pol¬lution 
abatement procedures and associated costs, and through 

thepossible 
use of mathematical optmization techniques.The 

project was funded as part of an DemonstrationGrat 

to Lancaser, Pennsylvania (Federal Grant No. 11023GSC)in which 

an underground "silo swirl concentrator and a micro-strainer 

were 
to be installed at the outfall of the AvenueDrainage District 

o control overflow into the Creek(detais are presented in 
the 

next section)Results of the decsion-making 

methodology and other aspectsof the research have recently 

been formulated and Huber,1973). Decision-making for urban sorm 

water management ispresented in the broader context of 

urban 
water resources management.Pollution sources and control options 

are Inventoried and accompaniedby economic data. Performance standards 

are considered and theimportance of automobile-related 

facilities 
streets, parkinglots, curbs and gutters) as contributors to 

storm 
water pollutionand quantity is emphasized. Finally, a linear 

programming and gametheor approach is used to develop efficient 
and 

equitable controlstrategies,This paper presents an overview of 

the 
by 

illustrating 
itsuse in Lancaster; the ollowing section is taken 

from 

the FinalReport (Heaney and Huber, 1973) from which other 

details 
are availale.Major revisions to the Model have been made to include 

urban erosion185 



predction, modelng of new treatment devces and teat¬ment faclties, 

montorng of sgnifcant polluton sources,flexblity i odelng 
new 

areas, new and Improved cost functonsfor treatment and storage 

optons and a modest hydrauc desgncapablty as well as minor 
programming 

changes and slght formatrevsons. The has proen to be a 

useful 
and economicaltool In the asessment of urban storm water 

problems. Indivdualruns descrbed In the follown section for 

Instance, 
could beacomplished usng less than three mnutes of CPU 

tme on theIBM 370/165 at the University of Florida Computing 

Center, for a-Transport-Storage/Treatment-Receving smulaton. 

Althoughcomputatoal chanes vary they are well withn reasonable 
bounds.186 



2, If; LACASTER PENNSYLVANIAThe City o 

Lancaster, Pennsylvania, population 79,500, Isituated in 

a drainage area of abou 8.24 quare miles 5,274 acres).The receivng 

stream 
in the Lancaster area is the Conestoga Creekwhich drains an 

area of approximately 473 square miles into the Ever. The 
average 

flow is 387 cubic feet per scondwith a maxmum recorded flow 
of 

22,800 cubic feet per second.There are to sewage treatment 

plants within the city, both ofwhch discharge into the Creek. 

The orth Plant with acapacity of 10 erves a population of 
36,000 

peopleand theSouth Plant recently expanded from 6 mgd Co 12 

mgd and is designed toserve 69,000 people. Both plants provide 
secondary 

treatment. Aboutone third of the flow to the Plant i derived 

from 
areas witheparate sewer outside the city serving an estimated 

population of17,500 people and ome dutrie. The rmaining two thirds 
of 

thesewage flow to the North Plant is derived from the combined 

sewersserving the north part of the city plus about 250 suburban 

acresestmated 18,500 people and any water-uing industries. 
Inddition, 

mot of the year the waer tble is high resulting in con¬derale 

Infiltration. An overlow line diverts exces flow to the during wet 

weather. 
The North Plant drainage area is eti¬mated at 3.72 quae 

mileThe 
South Plant is deigned to handle a population of 34,500served by 

combined sewers andl 
addition,up 

to an approximately equal187 



amount from separated ewers throughout the urrounding area* 
TheSouth 

Plat drainage area encompasses 4.52 square miles and 

iscomprised 
of fou districts, Avenue district which s thesubject of 

demonstration grant is one of the four districtsconnected to 
the 

South Plant Three of the districts Including Avenue, pump the 

sewage from a receiving staion wthn thedistrc to the South Plant, 

All locations have overflow arrangements that discharge into the 

Creek when the capaciy ofthe system Is exceededThe total dranage 

area of the Stevens 
Avenue 

dstrct s 227are which while only aout 4.3 of the total 

Lancasterdrainage area served by North and South treatment 

plants, is 17 ofthe drainage area designed to flow into the South 

Plant 
from combinedsewers. The population wthin the Stevens Avenue 

ditrict 
is esti¬mated at 3,900. Fgure 2-1 illustrates various dranage 

dstrctswthn the ty.1. DEMONSTRATION GRANT DESCRIPTIONIn order to 

remedy the 

stuation 

resulting from combined 

seweroverflows 
the Cty of Lancaster decded to explore means other 

thansewer separaton. Contruction of several underground slo atvarou 

locatons ithin the city is contemplated for retention of•overflow 

during wet periods and subsequent pumping to the treatmentplants 

during low flow periods*Stevens Avenue distrct was selected as the 

demonstraton stefor evaluaton 

of the effectveness of silo In combating combned188 





sever overflows. The sewer layout for Avenue dstrict ishon in 

Figure 2-2. During normal dry weather periods, the dryweather 
flow 

is pumped to the South reatment plant. During wetperiods, 
when 

the incoming flow to the pump station exceeds thecapacity of 

the station, the overflow discharges directly into the Creek 
through 

a 60 nch ewer located at point 6 onigure 2-1.The City of 

Lancaster 

also 
authorized to develop desgnparameters for full-scale 

concentrator for removal ofsolids prior to the retention of flow 

in the underground silo.Location of the demonstration site is 

shown in Figure 2-2. Aflow diagram of the proposed swirl 

concentrator-silo reament ispresented n Figure 2-3. In order to 
fully 

evaluate this treatmentthe city decided to include and as 
apart 

of this demonsration prject The capacity of the silo isexpected 

to be 160,000 The tasks assigned to the University of Florida 

were as follows:1) Conduct 

further verification and testing of the StormWater Management 

Model based on active overflomeasurements on selected 
storm events and to makerefinement to the Model2) 

Provide result of smulatons to the APWA orderfor 
it to develop design 

criteria 
and sizing of theswirl concentrator;3) Simulate 

the effect of the concentrator-under¬groud silo 
treatment; and4) 

Simulate 
the effect of combned sewer overflow fromthe entire 
city to th Creek.190 







2. DESCRIPTION OF THE AVENUE RUNSA total 

of our studies comprising nine storms were simulated.Thecty 

and 
its engineers provided input data as well as two overallmeasurements. 

The Avenue disrict was subdivided into 41 A description of 

each study and it results are givenbelow:Study 1The first study was 

based 

on a series o stormsbetween July 29 and August 3, 1971, This 

sixday period depositeda record amount of precipitation throughou 

the Lancaster area(variousy measured between 7.3 and 9.46 

inches). 
During four of theix days, the storms were very intense over 

short periods; in oe casebeing the second heaviest of record. For 
purposes 

of simulation,Study N* 1 ws divided into six storms. The 
amount 

and times ofprecipitatio assumed for each of these six storms 

are shown inFigures 2-4 through 2-9 and results of computer 

simulations foreach of thee storms are shown i the ame figures. 

These figuresho the expected quantty and quality of the overflow 

from theStevens Avenue district for a given rainfall. These run 

indicatethat an overflow as high a 400 may be expected for a 

storm 
eventsimilar to Storm No. 6.These computer runs also indicate 

that 

toal suspended solids 

andBOD discharges expected in the overflow ay be on the order of 

magnitudeof 778 pound and 635 pounds respectively for Storm No. 5 and 

849 
poundsand 768 pounds respectively for Storm No. 6. Unfortunately, 

sinceactual 
flow measurements were not taken during this study, it 

was 
not posible to determine the actual overflow quantity and quality. 

However,193 
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results of ubsequent studes indcate that actual overflows 

aregenerally 
predicted adequately by computer runs. Quality predctionsare 

more varable.Results 

of th study were used by in sizing the swirl con¬centrator. 

A design flow of this device wa etablihed at 150 Computer simulation 

studies were also conducted for all sixstorms to evaluate 

the effect of the swirl concentrator-undergroundsilo facilities on 

the combined overflow quality. The results ofStorm and 6 are 

shown on Figures 2-8 and 2-9 respectively.As illustrated in thee 

figure, the quality of the overflow issignificantly improved 

through the installation of the swirl concen¬trator-underground 
silo.tudy 

No This study 
consisted 

of a storm hat began in themorning of August 27, 1971 and 

continued almost 30 hours to themorning of the next day. It 

resulted 
in varying amounts of rainfallthroughout the city averaging 

more than 3.5 inches. The result ofthe computer simulation were 

simlar 
to those obtained from Study No. 1,and for this reason are not 

Included 
herein. Agan no measurementswere taken during this study.Study 

N This study is based on a 

relatively mnor rainfallevent of March 22, 1972. This study Is 
of 

special iportance, however,because it s one of the types most 
frequently 

eperienced in terms ofIntensy of rainfall. It is also one for 
which 

relatively completeverificatio data such as rainfall, flow 
readings 

and samples werecollected. The rainfall is shown in Fgure 2-10 

along with resultsof the computer simulation showng overflow 
quantity 

and qualt.198 







Shown in the same Illustraton are the actual quantity and 

qualtymeasurements 
of the overflow It can be seen that agreement betweenthe 

computer smulation and the actual measurements of flow Is farlygood 

consdering the degree of accuracy of the Input data as wellas 
that 

of the measurements. The agreement between the computed andmeasured 

quality parameters Is not as good as for flows.Computer 

smulations were also conducted on ths study to deter¬mne the 

effect of the swirl concentrator-underground silo system.hese 
results 

are also show in Figure 2-10. With the silo system, theModel 
indicates 

no overlow in the Creek.Study No. 4Ths study 
is 

based on a storm that onovember 29 1971. This study is 
also 

of importance from the stand¬point of Model verification as 
overflow 

measurements ere conductedduring this storm. The rainfall and 

results f the computer simu¬lation for this torm are presented n 

Figure 2-11 along with theactual measurements for comparson. 
Again 

it can be seen thatagreement beteen the actual measurements 

and 
predicted results isfairly good. The predicted results of the 

swrl 
concentrator-under¬ground silo system are also shown in Figure 

2-11.3. RUS IN THE AD SOUTH DISTRICTLimited 

computer 

simulations were also conducted 
for 

the orthand South drainage distrcts. The North district was 

subdividedinto 66 catchments and the South district into 104 

catchment. 
Theewer layouts' for the North and South districts are 

shown 
in Figures2-12 and 2-13.201 






